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Impact of Hepatitis B virus (HBV)

• Hepatotropic, non-cytopathic virus

• HBV establishes persistent liver infection in >300 million people worldwide

• Causes >600,000 deaths annually from associated liver disease

• Persistence is perpetuated by an inadequate virus-specific T cell response

Resultant liver disease is immune-mediated



Differential regulation of tissue damage in 

HBV infection

acute, resolving HBV chronic HBV

adapted from: Rehermann, Nat. Rev. Immunol. 2005
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Differential regulation of tissue damage in 

HBV infection



acute, resolving HBV chronic HBV

Paradigm for immunomodulation of organ damage - What mediates the 

differential regulation of liver immunopathology in different phases of HBV 

infection?

Differential regulation of tissue damage in 

HBV infection
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What are granulocytic myeloid-derived 

suppressor cells?
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gMDSC expand in hepatotropic viral 

infection (HBV)
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…declining at the onset of liver-specific 

inflammation

serum ALT (IU/l)
frequency of circulating gMDSC (as % of myeloid)

HBV viral load (IU/ml)
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adapted from: Rehermann, 

Nat. Rev. Immunol. 2005

gMDSC expand in patients replicating HBV 

without immunopathology

Pallett et al. Nat Med (2015)
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gMDSC expand in patients replicating HBV 

without immunopathology



biochemical

histological

gMDSC expand in patients replicating HBV 

without immunopathology
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Pallett et al. Nat Med (2015) with thanks to Dr Niclas Thomas

gMDSC are increased in the absence of 

liver inflammation



gMDSC decline before the onset of hepatic 

flares in eAg- chronic HBV disease



gMDSC decline before the onset of hepatic 

flares in eAg- chronic HBV disease



Ex vivo data point to a role for gMDSC in suppressing liver 

inflammation

How could they achieve this?



gMDSC drive nutrient deprivation

Gabrilovich & Nagaraj Nat. Rev. Immunol. 2009

Gabrilovich, Ostrand-Rosenberg & Bronte Nat. Rev. Immunol 2012

Global metabolic defect in HBV T cells

• CD3z downregulation

• Dysregulation in functionality



gMDSC drive nutrient deprivation

Gabrilovich & Nagaraj Nat. Rev. Immunol. 2009

Gabrilovich, Ostrand-Rosenberg & Bronte Nat. Rev. Immunol 2012
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gMDSC drive nutrient deprivation
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Pallett et al. Nat Med (2015)

gMDSC produces arginase I which depletes 

L-arginine



Arginase I quantitation:

Serum ELISA
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Do gMDSC reach the liver, the site of HBV infection and 

pathology?



Do gMDSC reach the liver, the site of HBV infection and 

pathology?

Upkar Gill

Patrick Kennedy

QMUL: Barts & the London



gMDSC are further expanded in the 

intrahepatic compartment in HBV

Pallett et al. Nat Med (2015)
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intrahepatic compartment in HBV

Pallett et al. Nat Med (2015)



What factors promote gMDSC expansion in the liver?



pHSC cells promote enhanced gMDSC 

proliferation/survival

Image from of H. Singh
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• HBV is a non-cytopathic virus

• Liver damage: Initiated by 

HBV-specific CTL, amplified 

by bystander T cells

Maini et al, JEM 2000

Kakimi et al JEM 2001

Sitia et al, PNAS 2002

Can arginase I+ gMDSC suppress T cell 

immunopathology in the liver?
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• HBV is a non-cytopathic virus

• Liver damage: Initiated by 

HBV-specific CTL, amplified 

by bystander T cells

Can arginase I+ gMDSC suppress T cell 

immunopathology in the liver?

Visualisation of gMDSC in contact with T cells

in liver vasculature

CD3 red, CD66b brown

Immunohistochemistry: A. Quaglia

Anatomic localisation of hepatic gMDSC?
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gMDSC suppress bystander T cells in a 

partially L-arginine dependent manner



gMDSC suppress bystander T cells in a 

partially L-arginine dependent manner



Ex vivo: T cells in HBV bare the hallmark 

of L-arginine deprivation 

acute, resolving HBV
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of L-arginine deprivation 
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Metabolic regulation in HBV at the T cell 

level

MDSC

T cell

NK cell

L-ornithine

+

Urea

amino acid starvation

impairs T cell proliferation

& function

impeding T cell responses 

that drive pathology

Do T cells initiate compensatory changes?



System-L amino acid transporters: critical 

checkpoint controlling T cell metabolism
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Hypothesis: L-arginine starvation induces an up-regulation of system-L 

amino acid transporters on T cells



Compensatory increase in system-L amino 

acid transport in arginine-starved T cells
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Pallett et al. Nat Med (2015)



Intrahepatic and HBV-specific T cells have 

increase system-L amino acid transporter 

expression ex vivo
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Intrahepatic and HBV-specific T cells have 

increase system-L amino acid transporter 

expression ex vivo
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Amino acid transporters calibrate the T cell response to amino acid starvation 



amino acid starvation

impairs T cell proliferation

& function

impeding T cell responses 

that drive pathology

Metabolically stressed T cells

attempt reprogramming by compensatory

increases in system-L amino acid

transport

Metabolic regulation of T cells in viral 

hepatitis

A rheostat & potential therapeutic target to control immunopathology



gMDSC phenotype
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